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ABSTRACT
This research presents studies on the beneficiation and application of quartz-feldspar sands from

the “Khiva deposit” located in the Khorezm region of the Republic of Uzbekistan for the silicate
industry. The composition of raw material samples was analysed using modern X-ray diffraction
and IR spectroscopic methods. Based on the results, the quantitative mineralogical composition of
the samples was determined using the BGMN/Profex Rietveld software package. According to the
obtained data, the average chemical composition of the raw material (in wt.%) was determined as
follows: SiO, — 86.06; Al,03 — 2.64; Fe,0; —1.37; CaO — 1.37; MgO — 0.22; K,0 — 1.30; Na,O — 1.85;
TiO, — 0.04; SOs — 0.4, with a loss on ignition of 4.93. The beneficiation processes of the raw
material were studied. Based on the specific characteristics of the composition, it was found
appropriate in subsequent studies to apply combinations of beneficiation methods such as
washing, gravity separation, classification, attrition scrubbing, electromagnetic separation, and
flotation. As a result, it was determined that the SiO, content in the beneficiated concentrate
increased from 86.06% to 97.07%, while Al,O; decreased from 2.64% to 1.06%, and Fe,03 from
1.37% to 0.05%.
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Introduction

development level of key economic sectors.
Therefore, the efficiency of the glass industry is

Despite the abundance of silica-based raw
material reserves important for the production of
silicate materials, only a limited number of deposits
are suitable for the production of glass and glass
products without the need for beneficiation [1]. The
quality of glass and ceramic products largely
depends on the chemical and mineralogical
properties of the raw materials used [[2], [3], [4]]. It
is well known that one of the main challenges in
processing silicate materials is the high energy
consumption during treatment.

Worldwide, the production of glass products is
considered a vital sector of the national economy.
The glass manufacturing industry is a major
consumer of raw materials, energy, and labor
resources, which in turn determines the

directly linked to the rational and economical use of
these resources [[5], [6], [7]].

The Lower Amu Darya region of the Republic of
Uzbekistan, including the Republic of Karakalpakstan
and the Khorezm region, is considered rich in
mineral raw materials. In particular, the Sultan
Uvays deposit, located in the southern part of the
Sultan Uvays mountain range and situated in the
Qorao‘zak, Beruniy, and Amudaryo districts, holds
2.6 million tons of feldspar reserves [8]. Additionally,
the Zinelbulak talc-magnesite deposit, with total
reserves of approximately 83.7 million tons, is
primarily composed of talc and talc-magnesite [[9],
[10], [11]], and serves as a major raw material base
for silicate materials. Furthermore, quartz-feldspar
sands from the “Yangiariq” and “Khiva” deposits,
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located in the Khorezm region, are also among these
important sources [[8], [12]].

Among the raw materials used in the production
of glass and glass products, natural high-silica rocks
are of particular significance. Due to their distinctive
physical-mechanical and technological properties,
quartz sand is regarded as the primary raw material
with wide industrial applications. The large-scale
production of materials derived from this raw
material has increased its demand across various
industries. The growing need for silica-based raw
materials and their products in the glass industry has
led to anincreasing demand for quartz concentrates,
which are essential for the production of quartz glass
([1], [2], 31, [4], [5], [6], [7], [8], [9], [10], [11]].

This article presents research on the
beneficiation of quartz-feldspar sands from the
"Khiva deposit" for their application in the silicate
industry. The Khiva quartz-feldspar sand deposit is
located near the surface, with depths ranging from
2.0-3.0 meters to as deep as 20.7 meters in some
areas, and sand mound heights reaching 10-25
meters. The useful mineral at the deposit belongs to
the group of aeolian sands from the Quaternary
period and is situated in the form of horizontal
layers. The sand grains are light yellow in color, finely
dispersed, and compositionally classified as quartz
sands. The balance reserves of the deposit are
estimated at over 1,197 thousand cubic meters, or
more than 2 million tons, under the A+B+C1 reserve
categories [[12], [13]].

Experimental part

The suitability of feldspar-quartz sands from the
Khiva deposit selected for the research was

determined through quantitative, granulometric,
chemical-mineralogical analyses, and beneficiation
potential assessments. The guantitative
characteristics of the raw materials were identified
based on  granulometric, chemical, and
mineralogical composition analyses [[14], [15], [16]].
During the sample preparation for sand testing, the
raw samples were first separated and placed on a
square-shaped plywood surface and thoroughly
mixed. An average sample was taken for
guantitative analysis. The determination of the
general granulometric composition of the selected
samples was conducted in accordance with GOST
22552.0 standards. For this purpose, sieves No. 01
and 08 compliant with GOST 6613, a laboratory
balance with an accuracy of 0.01 g according to
GOST 24104, a mechanical shaker, and a drying oven
equipped with a thermostat capable of maintaining
a temperature of 105-110 °C were used. Initially,
the samples were dried at 105-110 °C to constant
mass. Then, three separate 100 g samples were
prepared and subjected to sieving in a mechanical
shaker for 10 minutes. Throughout the research
process, the error margin of the obtained results was
maintained within 0.1%.

Results and Discussion

The samples were taken from the surface and at
depths of 3, 5, 7, and 10 meters in the area selected
for quarrying. According to the provided data,
samples 1-3 were collected from the surface layer,
samples 4-5 from a depth of 3 meters, samples 6-7
from a depth of 7 meters, and samples 8-9 from a
depth of 10 meters (Tab.1).

Table 1 - Chemical Composition of Feldspar-Quartz Sands from the Khiva Deposit

Sample Oxide composition. weight per cent % LOl.
wt.%
SiO2 Al20s3 Fe203 Ca0 MgO K20 Naz20 TiO2 SOs

1 85.98 4.69 1.08 2.04 0.33 1.57 1.07 0.04 0.09 3.11
2 85.98 4.68 1.05 2.04 0.32 1.57 1.10 0.05 0.08 3.13
3 85.97 4.67 1.06 2.05 0.32 1.58 1.09 0.04 0.09 3.12
4 86.01 4.68 1.13 1.99 0.33 1.48 1.03 0.06 0.08 3.21
5 86.12 4.60 1.13 1.96 0.34 1.47 1.01 0.06 0.08 3.23
6 86.22 4.59 1.13 1.95 0.33 1.49 1.01 0.08 0.08 3.12
7 86.29 4.56 1.11 1.95 0.34 1.50 1.01 0.08 0.08 3.08
8 86.63 4.41 0.98 2.09 0.28 1.46 1.07 0.05 0.12 291
9 86.63 4.41 0.98 2.09 0.28 1.46 1.07 0.05 0.12 291
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Table 2 - Granulometric Analysis of Initial Raw Sand Samples Collected from the Deposit

Fraction Content by Sample. wt.%

Grain Size Classification. mm

K-1 K-2 K-3
Larger than 0.8 mm 11 1.0 13
0.8 mmto 0.4 mm 0.7 0.5 0.7
0.4 mmto 0.1 mm 87.4 87.8 86.6
Smaller than 0.1 mm 10.8 10.7 11.4
Total 100 100 100

Table 3 - Average chemical composition of feldspar-bearing quartz sands of the Khiva deposit
Sample Oxide composition. weight percent % LOI. wt.%
SiO2 Al203 Fe203 Cao MgOo K20 Na:0 TiO2 SO3

K-1 85.98 4.68 1.06 2.04 0.32 1.57 1.01 0.04  0.09 3.11
K-2 86.16 4.61 1.12 1.96 0.34 1.49 0.91 0.07 0.08 3.16
K-3 86.63 4.41 0.98 2.09 0.28 1.46 1.07 0.05 0.12 2,91
Average 86.32 4.56 1.05 2.02 0.31 1.51 1.06 0.05 0.10 3.02

When analyzing the chemical composition of
these samples, it was found that samples 1-3 had
almost identical compositions and were therefore
combined and designated as the general sample K-
1. Samples 4-7, taken from a depth of 3—7 meters,
also had similar compositions and were designated
as K-2, while samples 89 were identical and
designated as K-3. The samples were dried to
constant mass, prepared in equal weights, and
sieved to determine the quantity of each fraction.
Based on the results of the analyses, the determined
granulometric analysis data are presented in Table 2
below.

100 pm
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Figure 1 - SEM Image and EDS Spectrum of Feldspar-
Quartz Sand from the Khiva Deposit

In all samples, the proportion of fractions
smaller than 0.1 mm ranged from 10-12%, while
fractions larger than +0.8 mm were present in
amounts of 1.0-1.3%. It was also found that
fractions with a particle size of 0.4-0.1 mm,
accounting for 86.6-87.8% of the total, were
predominantly coated with a light yellowish film on
their surface.

The average results of the chemical analysis of
the sands are presented in Table 3 below.

To verify the reliability of the chemical analysis
results, elemental analysis of sample K-3 was
conducted using a Bruker Quantax EDS (Energy-
Dispersive X-ray Spectroscopy) system integrated
into a SEM EVO MA 15 scanning electron
microscope. The analysis results are presented in
Figure 1. The obtained analytical results showed that
the composition of the sample mainly consists of Si
—36.07 wt.%, along with minor amounts of elements
characteristic of feldspar, such as K—2.07 wt.%, Al -
3.78 wt.%, and Na — 0.83 wt.%. Additionally, small
quantities of Ca —2.25 wt.% and C — 2.81 wt.% were
detected, indicating the presence of a minor amount
of calcite mineral in the composition. To further
determine the composition of these raw material
samples, modern physico-chemical methods were
applied, including X-ray diffraction (XRD) and
infrared (IR) spectroscopic analyses (see Figure 2)
[[17], [18], [19], [20], [21], [22], [23], [24]].

In the X-ray diffraction pattern, the strongest
and most intense peaks were observed at d-spacings
of 3.24 A, 3.34 A, and 4.25 A, which correspond to a-
quartz. Peaks at 3.03 A, 2.57 A, and 2.28 A were
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attributed to feldspar; the 3.57 A peak corresponds
to hydromica, while the 3.18 A peak is associated
with biotite. Additionally, weaker intensity peaks at
10.51 A, 7.10 A, and 6.47 A indicate the presence of
chlorites, and peaks at 3.85 A, 3.03 A, 2.89 A, and
2.28 A correspond to calcite. Iron-bearing minerals
such as hematite were mainly detected at 3.66 A,
2.28 A, and 1.45 A,

Infrared spectroscopic (IR) analysis was also
carried out on the same sample. According to the
results, the presence of the —OH functional group
was identified by stretching vibrations at 3368 cm™.
No deformation vibrations were observed in this
region, which indicates the absence of physically
adsorbed water and suggests that the raw material
is highly dehydrated.

The non-bridging Si-O bond was identified
through stretching vibrations at 876 cm™ and 1007
cm™, while bridging Si—O-Si bonds were confirmed
by deformation vibrations at 459 cm™, 777 cm™, and
694 cm™. Bridging Si—O-Al bonds were observed
through vibrations at 1434 cm™. Additionally,
absorption bands at 591 c¢cm™ and 526 cm™
correspond to sodium (Na) and potassium (K)
feldspars, respectively. These findings confirm the
presence of albite and microcline, as indicated in the
XRD analysis.

The IR spectroscopic analysis theoretically
supports and scientifically validates the results of
the X-ray diffraction analysis.
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Based on the preliminary studies conducted, it
was determined that enrichment of these quartz
sands is necessary for producing colorless and
transparent glass enamel frits from this raw
material. Therefore, in the subsequent stages of
research, beneficiation processes were carried out
on feldspar-bearing quartz sands from the Khiva
deposit. According to X-ray diffraction (XRD) and
infrared (IR) spectroscopic analyses, the Khiva quartz
sand contains small amounts of chlorite, muscovite,
microcline, limonite, hematite, and calcite. The
physico-chemical properties of the mineral phases
identified in the sample are summarized in Table 4.

The effects of gravity separation, classification,
and flotation processes on increasing the silica (SiO)
content of feldspar-bearing quartz sand samples
from the Khiva deposit were studied under
laboratory conditions (Table 5). The low efficiency of
these beneficiation processes is due to the presence
of 5-10 wt% brown, black, and light reddish iron-
bearing mineral impurities, as well as the high
content of iron oxides in the fine-dispersed clay
fractions (50-65 wt%) and their presence on the
surfaces of quartz grains (10-20%). In addition,
according to mineralogical and petrographic
characteristics, the samples contain, apart from iron
oxides, other coloring agents—namely, titanium,
chromium, cobalt, phosphorus, and manganese
oxides—in amounts of 0.03-0.05 wt%.

Figure 2 - X-ray Diffraction Pattern and IR Spectrum of the Feldspar-Quartz Sand Sample from the Khiva Deposit

Table 4 - Selected properties of accessory minerals in feldspar-bearing quartz sands of the Khiva deposit

Density. Hardness

Magnetic

Name of mineral g/em? (Mohs scale) Refractive index behavior Floatability
Muscovite 2.76-3.1 2.0-2.5 1.58-1.61 Non-magnetic Floatable
Calcite 2.6-2.8 3.0-3.5 1.60-1.66 Non-magnetic Not floatable
Chlorite 2.6-2.9 2.0-3.0 1.64-1.68 Non-magnetic Floatable
Hematite 49-5.3 5.5-6.5 3.15-3.20 magnetic Not floatable
Microcline 2.5-2.8 6.0-6.5 1.52-1.53 Non-magnetic Not floatable

—— 40 ——
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Table 5 - Changes in the content of major oxides during
the beneficiation processes of samples taken from the
Khiva deposit.

Main oxide content change. wt.%
SiO2 Al203 Fe203  others
86.32 4.56 1.05 8.33

processes

Initial sample

gravity 88.86 312 102  7.00
separation

classification 89.52 2.78 0.99 6.71
flotation 91.38 2.12 0.61 5.89

Based on the composition and the data provided
above, it was determined that beneficiation of the
sand samples using combinations of washing, gravity
separation, classification, attrition scrubbing,
separation in an electromagnetic field, and flotation
methods is appropriate [23].

The beneficiation processes were mainly carried
out using the following three methods:

Method 1 involved the following stages:
washing, gravity separation, classification, and
separation in an electromagnetic field. The sample
obtained from this method (D-1) showed that the
SiO, content increased by a factor of 1.04 compared
to the initial raw material (D-0), while the contents
of Al,03 and Fe,0; decreased by factors of 1.71 and
1.39, respectively. Method 2 differed from the first
method by replacing gravity separation with

flotation. The beneficiation stages followed this
sequence: washing, flotation, classification, and
electromagnetic separation. In the sample obtained
by this method (D-2), the SiO, content increased by
a factor of 1.05, while Al,0s and Fe,Os; contents
decreased by factors of 2.03 and 2.78, respectively.

Method 3, unlike the previous two, incorporated
additional processes such as attrition scrubbing
(mechanical rubbing). The stages were: washing,
gravity separation, attrition scrubbing, classification,
electromagnetic separation, and flotation. The
resulting sample (D-3) showed an SiO, content
increase by a factor of 1.13 compared to the initial
sample (D-0), reaching 97.24 wt.%, which meets the
requirements of GOST-22551-2019 for grade B-100-

2. In comparison to the second method, Al,O3

content decreased by a factor of 1.69 to 1.32 wt.%,
and Fe,03 content decreased by a factor of 3.70 to
0.10 wt.%.

The quantities of major oxides identified during
the analysis were evaluated based on the
established normative documents and are
presented in Table 6 below.

The photographic images of the samples
separated after different stages are presented in
Figure 3 below.

Table 6 - Chemical composition of quartz sands after beneficiation of samples taken from the Khiva deposit

Main oxide content change. wt.%

Sand grade according to

Beneficiation method and sample

GOST 22551-2019

SiO2 Al203 Fe20s others
Initial sample, D-0 86.32 4.56 1.05 8.33 Does not comply
First method, D-1 89.50 2.66 0.76 7.47 Does not comply
Second method, D-2 90.36 2.24 0.37 7.03 Does not comply
Third method, D-3 97.24 1.32 0.10 1.34 Complies with B-100-2

Figure 3 - Photographic images (magnified 100 times) of the initial and beneficiated samples of feldspar-containing
quartz sand from the Khiva deposit: a) sample beneficiated by the first method;
b) sample beneficiated by the second method; c) sample beneficiated by the third method.

—— 4] ——
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Figure 4 - X-ray diffractogram and IR spectrogram of the beneficiated feldspar-bearing quartz sand from
the Khiva deposit

In this research, X-ray diffraction (XRD) and
infrared (IR) spectroscopic analyses were conducted
on the samples after the beneficiation of the quartz
sands used as the object of study. The analysis
results showed that, compared to the unprocessed
samples (Figure 2), the intensity of the diffraction
peaks of the minerals had decreased, and the peaks
corresponding to iron-containing compounds such
as hematite had completely disappeared (Figure 4).

Based on the results of numerous studies and
the chemical-mineralogical composition of the Khiva
feldspar-bearing quartz sand, a  specific
beneficiation technology with optimal technological
parameters has been developed. According to the
proposed technology, considering the easy
washability of clayey materials in the composition, it
was found that the additional use of a hydrocyclone
unit is effective.

Conclusions

In this scientific study, the chemical,
mineralogical, and granulometric composition as
well as the beneficiation potential of feldspar-
bearing quartz sands from the Khiva deposit were
thoroughly investigated. Initial analyses revealed
that the raw material primarily contains quartz,
feldspar, calcite, chlorite, hematite, microcline, and
other minerals, along with iron-bearing and clay-like
impurities. These components limit the direct use of
the sand in the glass industry.

During the study, the beneficiation processes
were carried out using three main technological
methods. The third method — which included
washing, gravity separation, attrition scrubbing,

classification, separation in an electromagnetic field,
and flotation — was found to be the most effective.
As a result of this method, the SiO, content in the
beneficiated sample (D-3) increased to 97.24 wt.%,
meeting the requirements of GOST 22551-2019 for
the B-100-2 grade. Furthermore, the significant
reduction in Al,03; and Fe,03 contents confirmed the
improved suitability of the raw material for glass
production.

Changes occurring during the beneficiation
process were scientifically substantiated through X-
ray diffraction and infrared spectroscopic analyses.
A reduction — and in some cases, the complete
removal — of hematite and other contaminant
phases in the beneficiated sample was observed,
further confirming the effectiveness of the
beneficiation process.
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Byn 3epTTey KymbicbiHAa ©36ekcTaH PecnybankacbiHbIH Xope3am 06/1bIcbiHAA OPHaNackaH «XmBa
KeHi» KBapu-gana WnaTTbl KyMAApblH 6albiTbin, O0NapAbl CUAMKAT eHepkacibiHae KonaaHy
boibIHWa 3epTTeynep basHaanfaH. LUMKI3aT yarinepiHib, Kypambl 3aMaHayu peHTreHorpaduanbik,
oHe WK-CneKTpocKonuANbIK —aaicTepmeH 3epTTengi. ANblHFaH HaTWKenep  HerisiHae
Makana kengi: 21 winde 2025 BGMN/Profex Rietveld 6argapnamanap »wuHaFbl apKblibl YAMNEPAiH, MUHEPANOTUANBIK CaHAbIK,
CapanTamagaH eTTi: 8 mambiz 2025 KypaMbl aHbIKTanapl. benrineHreH manimeTrepre cavikec, WKWKIi3aTTbiH OpTaLlla Kypambl MaccanblK,
Kabbinaanapl: 3 Keipkyliex 2025 ynec TypiHae Kenecigeii 6ongpi: SiO, — 86,06%; Al,0; — 2,64%; Fe,0; — 1,37%; CaO — 1,37%; MgO
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—4,93% Kypagabl. LUKnkisaTTbl 6aibITy npouecTepi 3epTTengi. KypamblHbiH epeKLenikTepiHe cyiieHe
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JKYY, 3NEKTPOMArHUTTIK epicTe cypbinTtay, dnoTauua aaicTepiHiH, KOMOUHALMANAPLIH KONAAHY
OpbIHABI Aen TaHblAAbl. BalbITbiNFaH KOHLEHTPATTbIH, Kypambl 6oibiHWa SiO, menwepi 86,06%-
AaH 97,07%-Fa aeniH apTkaHbl, an Al,Os3 2,64%-paH 1,06%-fa, Fe,05 1,37%-aaH 0,05%-fFa aeitiH
asaifaHbl aHbIKTaNapl.

TyliiH ce3dep: KBapL, MYCKOBMWT, KOHLEHTPAT, 3/1eKTPOHAbI NapamMarHuTTiKk pesoHaHc (3MP),
6aibITy, dnoTauma, MarHUTTIK cenapauusa, 3SNeKTPAIK cenapaums, peHTreHorpaduansik Tangay, K
CMEKTPOCKONUANDIK Tanaay.

Asmopnap mypanel aKknapam:

TexHUKa FolabiMOapbiHbiH, ghunocogus dokmopsi (PhD), Aby Palixan bepyHu ameiHAarsl YpeeHiw
bypaHosea flJuHapa baxmusapoeHa mMemaekemmik yHusepcumemiHid XumusaaelK mexHosn02us akynememiriy OdoueHmi, X.
OnumxcoH keweci, 14, 220100, YpeeHiw, 6©36ekcmaH. Email: dinara.b@urdu.uz; ORCID ID:
https://orcid.org_;/0000-0001—5403—268X

OCHOBHbIE XapaKTepPUCTUKU KBAPL,-NOSEBOLUNATOBbIX NeCKOB XMBUHCKOrO
mecTopoxKgeHma un ¢M3MKO-XMMMHECKMe U TexHonorn4yeckme oCHoBbl Nnony4yeHuA
oGorau:,éHHoro KOHLUEeHTpaTa
bypaHosa A.b.

YpeeHruckuli 2ocydapcmeeHHblli yHusepcumem umeHu Aby PalixaHa bepyHu, Ypeery, Y36ekucmaH

B faHHOM MCCNea0BaHUM U3/I0KEHbI Pe3y/bTaTbl U3YYEHUA BO3MOMKHOCTU 0BOralleHus Keapl-
NO/IEBOLLMNATOBLIX MECKOB MECTOPOXKAEHUA «XMBa», PACMONOKEHHOro B Xope3mckoi obnactu
PecnybavKM Y36eKUCTaH, C LeNnblo UX NPUMEHeHWA B CMIMKATHOW npomblwneHHocTU. CocTas
06pasL0B Ccbipba Obl UCCNEA0BAH C UCNONb30BaHMEM COBPEMEHHbIX peHTreHorpaduyeckmx n UK-
CMEeKTPOCKOMMYECKMX MEeTOAOB aHanu3a. Ha OCHOBAaHMM MNONYYEHHbIX AAHHbLIX, C MOMOLLbIO
nporpammHoro  Komnnekca BGMN/Profex Rietveld 6bi1  onpegenéH  KoOMYECTBEHHbIN
MWHEepPaNornyeckunit coctaB ob6pasuos. CornacHo ycTaHOB/EHHbIM AaHHbIM, CPeaHWUIA XUMUYECKUIA
COCTaB CbipbA B MacCOBbIX NpoLeHTax coctasun: SiO, — 86,06; Al,Os — 2,64; Fe,03 — 1,37; CaO —
1,37; Mg0O - 0,22; K,0 — 1,30; Na,O — 1,85; TiO, — 0,04; SO3 — 0,4; noTepsa nNpu NpoKainBaHUn —
4,93%. Bblnn M3yyeHbl npoueccbl 0boralleHns UcxogHoro cbipbsa. C y4éToM ocobeHHOCTeln ero
CcOCTaBa, B [JaNbHEWWMWX WUCCNeAoBaHMAX  LenecoobpasHbiM  MNPU3HAHO  NpPUMEHeHue

Noctynuna: 21 utons 2025
PeueHsnpoBaHue: 8 agzycma 2025
MpuHATa B Neyatb: 3 ceHMabpa 2025

KOMBUHMPOBAHHbIX ~ METOAOB  ODOOralleHws,  BK/OYAOWMX  MPOMbIBKY,  FpaBUTaLMIO,
KNaccudUKaLMIO, UCTUPAIOLLYIO MPOMbIBKY, COPTUPOBKY B 3/1€KTPOMArHUTHOM nose u Gpaotaumio.
B pesynbTaTe oboraweHua coaepikaHue SiO, ysenmumnocb ¢ 86,06% no 97,07%, copep:kaHue
Al>O3 cHMsmnock ¢ 2,64% po 1,06%, a Fe,03 —c 1,37% po 0,05%.

Knroyesbie cn08a: KBapL, MyCKOBUT, KOHLLEHTPAT, 3/1EKTPOHHbIM NapamarHuTHbIN pe3oHaHc (3MP),

oboralieHue, dnotauus, MarHuTHas cenapaums, 3/1eKTpUYecKan cenapaums,
peHTreHorpaduyeckui aHanus, MK-cneKkTpocKonuyeckuit aHanus (uH@pakpacHas
CrIeKmMpOoCKOomnus).
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